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The Supply of O i l  f o r  Future  U.S. Needs 
and t h e  Subsequent E f f e c t s  on t h e  Environment 

Gene P. Morre l l ,  David R. Oliver, and J .  L i s l e  Reed,  Off ice  of  O i l  
and Gas, Department of t h e  I n t e r i o r ,  Washington, D. C. 20240. 

Throughout most of t h i s  cen tury ,  t h e  United S t a t e s  h a s  been 

s e l f - s u f f i c i e n t  i n  petroleum supply; however, s ince  1968 our  rate of 

consumption of o i l  has  been g r e a t e r  than  our d a i l y  o i l  product ion 

c a p a b i l i t y .  During t h e  present  decade, t h e  gap between domestic 

petroleum demand and domestic product ion w i l l  increase .  The gap is  

a result  of  several f a c t o r s :  F i r s t  of  a l l ,  a s e r i o u s l y  i n s u f f i c i e n t  

explora t ion  f o r ,  and development o f ,  n a t u r a l  gas and crude o i l ;  

secondly, t h e  d i s q u a l i f i c a t i o n ,  f o r  environmental reasons ,  of  much 

of our h igh  s u l f u r  c o a l  from its normal i n d u s t r i a l  and u t i l i t y  markets; 

and f i n a l l y ,  a l a g  in  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of  nuc lear  e l e c t r i c  

power p l a n t s .  

As shown i n  t h i s  f i r s t  c h a r t ,  domestic product ion of  crude o i l  

and n a t u r a l  gas l i q u i d s  appears t o  be l e v e l l i n g  o f f  i n  t h i s  country a t  

s l i g h t l y  over 11 m i l l i o n  B/D. 

a s l i g h t l y  o p t i m i s t i c  pro jec t ion .  

rates are a c c e l e r a t e d ,  production w i l l  soon begin  t o  dec l ine .  

The l e v e l l i n g  o f f  may even be considered 

Unless p r e s e n t  f i n d i n g  and development 

With U . S .  petroleum demand c o n s t a n t l y  growing and domestic 

supply remaining r e l a t i v e l y  s t a b l e ,  it is proper t o  assume t h a t  t h i s  

country wi%l look increas ingly  t o  o ther  c o u n t r i e s  f o r  o i l .  An 
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important quest ion i s ,  how much f o r e i g n  o i l  w i l l  be needed and 

what a r e a  of the  world w i l l  the o i l  come from? In t h e  p r o j e c t i o n  

shown h e r e ,  6.5 m i l l i o n  B / D  w i l l  be needed i n  1975, and about 

10  m i l l i o n  B / D  i n  1980. 

There a r e  four  major expor t ing  reg ions  i n  the world: South 

America (Venezuela) ; A f r i c a  (Libya,  Alger ia ,  and Nigeria)  ; Indonesia;  

and t h e  Persian Gulf c o u n t r i e s  (Middle E a s t ) .  South American and 

Pers ian  Gulf o i l  tend t o  be h i g h  s u l f u r  o i l ,  whereas Afr ican and 

Indonesian o i l s  tend t o  be low in Sulfur .  Environmental c o n s t r a i n t s  

i n  t h i s  country as w e l l  as o t h e r  c o u n t r i e s  w i l l  probably reqi i i re  most 

f u e l  o i l  t o  be o f  low s u l f u r  c o n t e n t .  This  w i l l  probably mean low 

s u l f u r  crude o i l  w i l l  be s o l d  a t  a premium p r i c e ,  compared t o  high 

s u l f u r  o i l ,  r e f l e c t i n g  a c o s t  sav ings  on d e s u l f u r i z a t i o n  equipment. 

It would be d i f f i c u l t  t o  p r e d i c t  a t  t h i s  t i m e  e x s t l y  where 311 

o f  our imported o i l  w i l l  come from. But as f a r  as  t h e  environment 

i s  concerned, it should make l i t t l e  d i f f e r e n c e  because most high 

s u l f u r  crude o i l  used i n  t h e  Uni ted  S t a t e s  w i l l  be desu l fur ized .  I f  

European and Japanese environmental  c o n s t r a i n t s  l a g  behind U.S. 

c r i t e r i a ,  domestic f i rms ,  anxious t o  save the  c o s t  of d e s u l f u r i z a t i o n ,  

w i l l  ou tb id  fore ign  f i rms  f o r  low s u l f u r  crude.  Of course t h i s  would 

a c c e l e r a t e  environmental concerns i n  fore ign  developed areas  s ince  

these  co'untries would be l e f t  u s i n g  increas ing  q u a n t i t i e s  of h igh  

s u l f u r  o i l .  Therefore ,  it seems l o g i c a l  t h a t  o t h e r  developed na t ions  



73 

w i l l  adopt environmental r e g u l a t i o n s  similar t o  those  t h a t  are 

forthcoming i n  the  United S t a t e s ,  and low s u l f u r  crude o i l  w i l l  be 

d i s t r i b u t e d  throughout t h e  world by o t h e r  cons idera t ions ,  such a s  

t r a n s p o r t a t i o n  and product y i e l d  s l a t e s .  

There i s  one o ther  aspec t  t h a t  should be noted a t  th i s  point .  

The United S t a t e s  i s  i n  a unique and s l i g h t l y  advantageous p o s i t i o n  

compared t o  o ther  la rge  oil-consuming c o u n t r i e s .  Much of our domestic 

crude o i l  product ion i n  East Texas and Louis iana i s  low i n  s u l f u r .  

This  w i l l  a f f o r d  our domestic r e f i n e r i e s  some a d d i t i o n a l  f l e x i b i l i t y  

i n  opt imizing t h e  use of  low s u l f u r  o i l ,  h igh s u l f u r  o i l ,  and 

d e s u l f u r i z a t i o n  f a c i l i t i e s  . 
I n  t h e  second f i g u r e  crude o i l  producing a r e a s  of  t h e  world 

a r e  depicted and t h e  a r e a s  are drawn i n  propor t ion  t o  t h e i r  known 

reserves .  

Gulf is committed f o r  consumption, due e i t h e r  t o  proximity t o  a 

consuming a r e a  o r  q u a l i f y  of t h e  o i l .  The crude o i l  product ion 

i n  these  a r e a s  is  i n s u f f i c i e n t  t o  meet world consumption needs; 

because of t h i s ,  most o f  our  a d d i t i o n a l  imports, as w e l l  as t h e  rest 

of the  importing c o u n t r i e s '  crude o i l ,  w i l l  come from t h e  Pers ian  

Gulf .  

The crude o i l  product ion i n  a l l  reg ions  except  t h e  Pers ian  
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Before leav ing  t h e  s u b j e c t  o f  c rude  o i l  supply and demand, 

I am obl iga ted  t o  poin t  out some problems concerned with p r o j e c t i n g  

the  q u a n t i t y  of o i l  t h a t  w i l l  be imported. Refer r ing  t o  t h e  f i r s t  

f i g u r e  t h a t  was d iscussed ,  an o i l  supply/demand balance w a s  presented.  

The imports t h a t  are necessary f o r  t h e  country can be c a l c u l a t e d  

by t h e  d i f f e r e n c e  i n  es t imated  o i l  demand and domestic o i l  supply. 

This  sounds s i m p l e  enough, but o ther  f a c t o r s  a f f e c t  and complicate 

the  i s s u e .  

Figure 3 d i s p l a y s  t h e  t o t a l  energy supply/demand balance f o r  the 

United S t a t e s  f o r  the  present  cen tury .  As can be seen,  o i l  i s  a l a r g e  

p a r t  of t h e  t o t a l  energy p i c t u r e .  More important ly ,  it i s  a l s o  t h e  

a l t e r n a t e  o r  "swing" source of  energy., I f  t h e r e  are s h o r t f a l l s  i n  

t h e  development and u t i l i z a t i o n  o f  nuc lear ,  gas ,  o r  coa l ,  o i l  w i l l  be 

requi red  t o  f i l l  t h e  gap. 

P r o j e c t i o n s  concerning t h e  t iming and q u a n t i t y  of c o a l ,  

gas and nuclear  development vary  g r e a t l y .  For ins tance ,  i n  f i g u r e  4, 

p r o j e c t i o n s  by I n t e r i o r ' s  Bureau of Mines, the  Federal  Power 

Commission and t h e  Nat iona l  Petroleum Council, a r e  given f o r  domestic 

n a t u r a l  gas product ion.  These gas pro jec t ions  appear on the  sur face  

t o  be q u i t e  d i f f e r e n t ,  b u t  they a r e  c o n s i s t e n t  wi th  t h e  bases  and 

assumptions used by each group. 

a r e  many th ings  t h a t  can happen which w i l l  a f f e c t  the development 

of our var ious sources  of  energy; s e v e r a l  assumptions can  be made; 

and a l o t  of personal  judgment is involved i n  a n t i c i p a t i n g  f u e l s  

usage. 

The poin t  h e r e  is t h a t  t h e r e  

This resul ts  i n  a very  clouded p i c t u r e  of  t h e  exac t  q u a n t i t y  
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of o i l  imports t h a t  w i l l  be needed f o r  t h e  f u t u r e .  Therefore ,  

it i s  necessary t h a t  I caut ion  a g a i n s t  naive use of t h e  o i l  

import p r o j e c t i o n  used i n  t h i s  presenta t ion .  

The next  t o p i c  I wish t o  c m e n t  upon is t h e  form i n  which 

t h e  o i l  w i l l  be imported, t h a t  i s  crude o i l  o r  r e f i n e d  o i l  products. 

A t  t h e  present  t i m e  fore ign  r e s i d u a l  f u e l  o i l  ( a  r e f i n e d  product) i s ,  

f o r  a l l  p r a c t i c a l  purposes, f r e e l y  imported i n t o  D i s t r i c t  I ( s t a t e s  

on the Eas te rn  Seaboard). However, t h e  domestic r e f i n e r  i s  not  

allowed f r e e l y  imported fore ign  crude o i l  from which t o  manu- 

f a c t u r e  r e s i d u a l  f u e l  o i l  f o r  D i s t r i c t  I. The domestic r e f i n e r  has  

t o  use h igher  c o s t  domestic crude o i l  o r  fore ign  crude o i l  imported 

pursuant t o  an o i l  import quota t o  manufacture r e s i d u a l  f u e l  o i l ;  

t h i s  has  caused domest ical ly  produced r e s i d u a l  f u e l  o i l  t o  be a t  a 

higher  c o s t  and t o  be noncompetitive. I n  f i g u r e  5 t h e  imports of 

foreign r e s i d u a l  f u e l  o i l  over t h e  p a s t  decade a r e  shown i n  comparison 

with imports of fore ign  crude o i l .  As can be seen i n  t h e  f i g u r e ,  

imports of r e s i d u a l  f u e l  o i l  which were once about 50% of crude o i l  

imports have now exceeded crude o i l  imports. 

Residual  f u e l  o i l  is  a n a t u r a l  and s i g n i f i c a n t  product of 

crude o i l .  

t y p i c a l  or average crudes and a y i e l d  of 25% remains a f t e r  m i l d  o r  

moderate petroleum r e f i n i n g .  

i n  U . S .  r e f i n e r i e s  i s  5 t o  6%. The lack  of r e s i d u a l  f u e l  o i l  

A y i e l d  of  50% r e s i d u a l  f u e l  o i l  can  be der ived  from 

The average r e s i d u a l  f u e l  o i l  y i e l d  
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production i n  t h e  United S t a t e s  i s  a r e s u l t  of  high conversion o r  

severe  r e f i n e r y  process ing  i n  a complex r e f i n e r y  conf igura t ion .  

The u t i l i z a t i o n  o f  high s e v e r i t y  processing i n  t h e  domestic 

petroleum indus t ry ,  which ins r e s u l t e d  i n  t h e  d e s t r u c t i o n  and 

conversion of  r e s i d ,  was o r i g i n a l l y  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  

r e s i d  had t o  compete w i t h  low priced c o a l  and n a t u r a l  gas as burner 

f u e l .  However, from t h e  present  t i m e  forward, due t o  the inadequate 

development of n a t u r a l  gas and d i s q u a l i f i c a t i o n  of  c e r t a i n  c o a l  uses ,  

t h e  lack of domestic r e s i d u a l  f u e l  o i l  product ion must be a t t r i b u t e d  

t o  the import s i t u a t i o n .  

The import s i t u a t i o n  is  subjec t  t o  change, and one poss ib le  

change would be t o  a l low domestic r e f i n e r s  imports of  f o r e i g n  crude 

o i l  i n  proport ion t o  the uncont ro l led  ( f r e e l y  imported) products  t h a t  

a r e  manufactured i n  domestic f a c i l i t i e s .  This  would have t h e  b e n e f i c i a l  

e f f e c t  of  a l lowing r e f i n i n g  f a c i l i t i e s  t h a t  may otherwise be b u i l t  i n  

fore ign  count r ies  t o  b e  b u i l t  domest ical ly ,  and i t  m u l d r e d u c e  t h e  

magnitude of high s e v e r i t y  operat ions t h a t  a r e  t y p i c a l  i n  t h e  U.S. 

today.  An important q u e s t i o n  a t  t h i s  po in t  i s  what would be t h e  e f f e c t  

on t h e  environment from such an ac t ion?  

A s  I see it ,  t h e r e  would be two s i g n i f i c a n t  r e s u l t s  of such a n a c t i o n  

and they 

environment. F i r s t  of a l l ,  t h e r e  would be more crude o i l  imported 

would have a n i l  or possibly b e n e f i c i a l  e f f e c t  on t h e  
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and less products ( r e s i d )  ; however, t h e  t o t a l  level of  o i l  imported 

is  unchanged. 

t r a n s f e r r e d  a l i t t l e  more than o i l  t h a t  is  imported and d i s t r i b u t e d  

O i l  t h a t  i s  imported and processed i s  handled and 

d i r e c t l y  t o  consumers, bu t  t h i s  aspect  probably has  a n i l  e f f e c t  on 

t h e  environment. 

more crude o i l  r e f i n e d  i n  t h i s  country than would otherwise occur. 

a d d i t i o n a l  processing may possibly have a s l i g h t  b e n e f i c i a l  e f f e c t  on 

t h e  environment because i t  would reduce t h e  need f o r  extreme high 

s e v e r i t y  processing . 

The second r e s u l t  i s  t h a t  t h e r e  would probably be 

This  

me l a s t  point  i s  most s i g n i f i c a n t  and can  b e s t  be i l l u s t r a t e d  

by observing the  l a s t  t h r e e  f i g u r e s  of t h i s  presenta t ion .  Figure 6 

i s  a very simple schematic of  a f o r e i h  r e f i n e r y  conf igura t ion .  

process equipment is simple: a crude f r a c t i o n a t i o n  tower t o  separate  

t h e  crude components, and a reformer t o  upgrade t h e  naphtha cu t  i n t o  

The 

gasol ine.  A c a t a l y t i c  c racker  i s  shown, but it is  only p a r t i a l l y  

colored i n  order  t o  i l l u s t r a t e  t h a t  it is not  r e a l l y  t y p i c a l  f o r  fore ign  

r e f i n e r i e s  although t h e r e  are some i n  ex is tence .  The d e s u l f u r i z e r  

d e p i c t s  new equipment t h a t  w i l l  be going i n t o  many r e f i n e r i e s .  

The next  f i g u r e  i l l u s t r a t e s  a simple schematic f o r  a U . S .  

r e f i n e r y  conf igura t ion .  The c o n t r a s t  of the  U.S. r e f i n e r y  t o  t h e  

fore ign  r e f i n e r y  is  apparent ;  t h e r e  i s  a massive amount of equipment 

(hydrocracker ,  coker ,  a l k y l a t i o n  u n i t  and c a t  c racker )  t h a t  i s  
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dedicated t o  convert ing t h e  r e s i d u a l  f u e l  o i l  por t ion  of t h e  crude 

o i l  to  l i g h t  products. I f ,  however, t h e  increas ing  demand f o r  

r e s i d u a l  f u e l  o i l  is considered,  and t h e  domest ical ly  produced r e s i d  

i s  made competi t ive with fore ign  re,sid by a change i n  the  o i l  import 

program, a g r e a t e r  y i e l d  of r e s i d  w i l l  be der ived.  

Figure 8 i l l u s t r a t e s  t h e  change i n  r e f i n e r y  conf igura t ion  

which would r e s u l t  from increased  r e s i d  production. There would be 

a l a r g e r  crude o i l  feed rate, t h u s ,  a l a r g e r  crude f r a c t i o n a t i n g  

tower. However, many of t h e  l i g h t  products t h a t  were made i n  t h e  

previous conf igura t ion  by severe cracking would be der ived from 

d i s t i l l a t i o n  of crude o i l .  

by d i s t i l l a t i o n  would not  be converted, but  ins tead  s o l d  as a product. 

The n e t  resul t  is t h a t  more crude o i l  would be processed, but t h e r e  

would be much less process ing  of  product s t reams.  

processing t h a t  is  reduced is t h e  type t h a t  d i r e c t i o n a l l y  has the  

Furthermore, much of  t h e  r e s i d  produced 

The type of  

most adverse e f f e c t  on t h e  environment. 

genera l ly  operate  a t  h igh  temperatures  which r e q u i r e  s i g n i f i c a n t  

q u a n t i t i e s  of f u e l  and cool ing  water .  A l s o  t h e  processes  produce 

unsa tura te  hydrocarbons (naphthalenes)  and o t h e r  organic  compounds 

(phenols) t h a t  are resistant t o  b iodegradabi l i ty .  

The high conversion opera t ions  

The u l t i m a t e  r e f i n e r y  conf igura t ion  would approach t h a t  of 

the  fore ign  r e f i n e r y .  E x i s t i n g  r e f i n e r i e s  would probably f i n d  it advantageous 

t o  expand the crude f r a c t i o n a t i o n  s e c t i o n s  and r e d i s t r i b u t e  product streams 
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t o  conversion u n i t s .  The expected r e s u l t  would be a decreased 

percent conversion f o r  the  t o t a l  crude o i l  feedstock.  

To sum up, we see imports of  f o r e i g n  o i l  i n c r e a s i n g  r a p i d l y  

i n  t h i s  decade. Much of the  o i l  w i l l  probably be h i g h  s u l f u r  crude o i l  

from the  Pers ian  Gulf. We v i s u a l i z e  modi f ica t ions  of t h e  o i l  import 

program which w i l l  enable  t h e  r e f i n e r y  equipment, t h a t  w i l l  process 

the  o i l ,  t o  be loca ted  domest ical ly .  This  would be b e n e f i c i a l  t o  

n a t i o n a l  s e c u r i t y ,  t r a d e  balance,  and t h e  domestic economy. The 

u l t i m a t e  e f f e c t  such modi f ica t ions  i n  t h e  o i l  import program would 

have on domestic r e f i n e r y  conf igura t ions  would probably be s l i g h t l y  

b e n e f i c i a l  t o  t h e  environment. 

E a r l i e r  I r e f e r r e d  t o  t h e  i n t e r r e l a t i o n s h i p s  of o i l ,  gas, coa l  

All these  energy sources  and t h e  "exot ics ,"  which and nuc lear  energy. 

a r e  being developed, w i l l  be needed i n  t h e  f u t u r e .  Y e t ,  Government, a s  

it is  present ly  s t r u c t u r e d ,  does n o t  encourage development of a u n i f i e d  

energy pol icy .  For example, about 61 Federal  agencies  are involved i n  

some aspect  of o i l  and gas dec is ions ,  and t h i s  f ragmentat ion of respons i -  

b i l i t y  can only r e s u l t  i n  i n e f f i c i e n c y .  

A s  a f i r s t  s t e p  i n  overcoming t h i s  problem, Pres ident  Nixon 

proposed t o  c e n t r a l i z e  major energy resource  r e s p o n s i b i l i t i e s  i n  a new 

Department of Natural  Resources. Passage of t h i s  l e g i s l a t i o n  i s  e s s e n t i a l  

i f  we a r e  t o  i n t e g r a t e  energy conservat ion and development e f f o r t s ,  and 

a l l e v i a t e  what more and more people are coming t o  r e a l i z e  i s  a s e r i o u s  

energy supply problem. 
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